· . A method for the simultaneous determination of tobacco-specific nitrosamines ['fSNAJ, N'-nitrosonornicotine [NNNJ, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK], N'-nitrosoanabasine [NAB]
and N'-nitrosoanatabine [NAT), as well as nitrate and ni-. trite in tobacco leaves and processed tobacco was developed. The analytical procedure included aqueous extraction of tobacco leaves and processed tobacco respectively under alkaline conditions in the presence of an antibacterial agent and, for TSNA analysis, a further clean-up of the aqueous extract by liquid-liquid partition extraction (kieselgubr column extraction), removal of nicotine, and determination of the nitrosamines by gas chromatography in combination with chemiluminescence detection. It is demonstrated that N'-nitrosopentylpicolylamine [NPePicA] as well as N-nitrosodibenzylamine [NDBenzA] can be used for internal standardization. For clean-up two different extraction procedures can be utilized: alkaline extraction on kieselguhr I ascorbic acid extraction columns or acidic extraction on kieselguhr including prior destruction of ni-.trite with sodium azide. The recoveries of the internal standards were in a similar range (73%-96%) as those of the TSNA. The analysis of nitrite and nitrate was carried out according to standard analytical procedures using the alkaline aqueous extract. The determination of nitrate and nitrite showed high accuracy and reproducibility; It is demonstrated that, under the conditions described, artifact formation did not occur even when In tobacco products and especially in tobacco leaves wide variations in the concentrations of TSNA, nitrate and nitrite, respectively, can be observed. To investigate possible correlations between these constituents it was therefore necessary to develop a method which allows the simultaneous determination of TSNA, nitrite and nitrate using the same sample preparation. In methods described in the literature for TSNA analysis either 14 C-NNN (4, 6-9) or nitrogen-containing compoun~s other than nitrosamines (5) are used as internal standards. Some authors do not use any internal standard (3, 10) at all. Another aim of our investigation was to find an internal standard which can be detected by the same analytical method, i.e. TEA detection, and which should have a similar recovery and similar gas chromatographic properties as the TSNA.
MATERIALS AND METHODS

Reagents
NNK was a generous gift from Dr. D. Hoffmann, Naylor Dana Institute for Disease Prevention, American Health Foundation, U.S.A., and was also obtained from Chemsyn Science Laboratories, Lenexa, Kansas, U.S.A. NDBenzA, NNN and NAB were synthesized using methods reported in the literature (12) (13) (14) . The purity was >99%. Synthesis of NPePicA: 3-picolylamine (0.2 M) in methanol and 1-bromopentane (0.1 M) were rdluxtd for 3 hours. After addition of 0.2 M KOH the solution was CJtrated and the solven· t removed. Sodium nitrite (10 g) was added to the residue which was acid· ified with HCl (pH I). The nitrosamine floating pn top was extracted with etber. The solvent was dried (Na,SO,) and removed, and N PePicA was separated by distillation (bp( 0 . 2 mm): 120-124 'C). Purity was 98%. The spectral properties were os follows: 1 All reagents used were of aoalyrical grade.
App4r•t1<1
GC analyses were performed with a Hewlen-Packard 5880A stries gas chromatograph equipped with an autoinjector and directly connect<d to a thermal energy analyzer (model 502 TEA, Thermo E lectron Inc., Walt-.harn, Mass., U.S.A.) as a detector with a modified furnace. Nitrice and nitrate determinations were made using a dual-channel continuous-flow analyzer (Skalar Analytical InStruments, Breda, the Netherlands) equipped with an automatic sampler, a muhichannel peristalt. ic pump for reagentS and sample delivery, and a cadmium-reducing column for nitnte-to-nitrite cooversion.
Tobacco S4mpks
Tobacco leaves (Burley) at different Stages of curing 
Sampk Pr'[J«Y4tion
Tobacco le-aves were eilher cul inlo small pieces "' .. ilh scissors or minced. Cigarette tobacco was directly aoalyzed witbbut additional cuning. Tobacoo leaves from various stages of curing and fermentation (5 g) or cigarette tobacco (4 g), respectively, were made up to 100 ml with 0.01 M NaOH containing 100 ppm · sodi~m ethylmerc'uryrhiosalicylate and al- Figure I . Design of Extretutcolumn (260 mm x 18 mm inside diameter) with ascorbic acid layer f<>< alkaline trtrae11on pr~re.
!owed to stand at room tempe;ature for 24 hours. The amount of green leaves was adjusted so that this prepuation contained approximately 4 g dry tobacco. AliquotS of the supernatant were used for funber analysis.
TSNA Extraction
. To extract TSNA from the aqu<ous solution two differenl e:xuaction procedures were used based on a method described previously (IS). a. A Ilea/in< Extraction Pro<tdwrt: A 10 ml aqueou• aliquot of the supernatant .... , diluted with water to 20 ml NPePicA (I I'& in I ml ethanol) and/or NDBenzA ( I I'& in I ml ethanol) were added as inter· nal standards. This sample was extracted using a kiestl· guhr (Extrelut) exrrac<ion column (glass column: 260 mm X 18 mm inside diameter, 03 grit (Figure 1) ).
The column was filled wilh Extrelut and ascorbic acid in a "1ultilayer technique. A bottom layer (approximately 2 g) of Extrelut was followed by a 5 g layer of ascorbic acid. The rest of the column was filled ,.;tb 14 g ExueluL The density of column packing was increased by vibration.
For lbe extraction, the aqueous sample wa.s poured on top of the column and allowed to equilibrate for 15 minutes. TSN A were eluted with 3S ml dichloromethane which was collected directly in a modified Kuderna-Danish concentrator cons1stmg of a 10 ml receiving tube with 1 ml and 5 ml graduation and an air-cooler with an expansion bulb. b: Acidic Extraction Procedr~re: To a 10 ml aliquot of the supernatant 1 flg NPePicA in 1 ml ethanol and/ or 1 f1g NDBenzA in 1 ml ethanol were added as internal standards. Sodium azide (1 g) was added to this solution and, under continuous stirring, the solution was acidified with 3 ml of a saturated citric acid solution (pH <4.5). After the addition of 7 ml water, the sample was extracted in a similar way to the above. The glass column was prepared with 16 g Extrelut. After equilibration the TSNA were eluted with 35 ml dichloromethane which was collected directly in a modified Kuderna-Danish concentrator.
Both dichloromethane extracts were treated in the same way. After addition of 1.5 ml n-hexane and 4 antibumping granules, the concentrator was placed in a heating block (75-80 "C) and the extracts evaporated to about 5 ml. The concentrator was allowed to cool, was rinsed with 1.5 ml dichloromethane and the aircooler was removed. The solvent was further concen-. trated to 1 ml under a gentle stream of nitrogen. The concentrate was analyzed by GC/TEA.
GC Determination of TSNA
The GC/TEA determination was performed as described by FxscHER and SPIEGELHALDER (16) under the following conditions: The injection-port temperature was 260 ·c and the helium carrier gas flow was 30 ml I min. GC analyses were performed on a glass column (2.4 m X 2 mm inside diameter) packed with 10% OV 17 on Chromosorb WHP (80/100 mesh). The GC oven temperature was programmed using a profile starting at 180 ·c with 3"/min to 230 ·c, held at 230 ·c for 5 minutes. The GC column was directly connected to the heated interface (300 "C) of the TEA detector's modified furnace (500 "C). With the exception of NAB and NAT all nitrosamines were baseline separated. Results were calculated by peak area comparison with the aid of an electronic integration system (Trilab 2000, SES, Nieder-Olm, Federal Republic of Germany) using an internal standard method. NPePicA and/ or NDBenzA were used as internal standards. NAB and NAT were calculated as a group.
Determination of Nitrite and Nitrate
The analytical procedure is an adaptation of standard nitrite/nitrate determination (17) to a continuous flow analyzer. An aqueous aliquot (see sample preparation) was used for the determination of nitrate and nitrite using a dual-channel continuous-flow nitrite/nitrate analyzer. Nitrite was determined by diazotation of sulfanilamide and coupling with ~~(1-
Nitrate was determined as nitrite after reduction in an on-line column containing copper-cadmium together with the originally present nitrite. The nitrate concentration was calculated by subtraction. The sensitivity range was 5 ppm -250 ppm N0 3 -in the aqueous solution. Higher concentrations were reanalyzed after dilution.
RESULTS AND DISCUSSION
Aqr~eor~s Extraction
The specific difficulty of our aim to determine nitrite, nitrate and TSNA was the fact that the same sample preparation was to be used for all determinations. As nitrite decomposes in acidic solutions, an acidic extraction procedure cannot be used; either neutral or alkaline conditions are required. The suitability of different NaOH solutions for aqueous TSNA extraction was investigated. NNN values did not show significant differences between the different NaOH concentrations ( Table 1 ). The recovery of NNK decreased considerably with increasing pH. Losses of NNK at high~r pH were mainly due to incomplete extraction. The phenomenon was not further investigated and there is no explanation for this behaviour. Stability experiments with spiked samples in 0.1 M NaOH showed that NNK and the other nitrosamines did not decompose. However, a remarkable decomposition of NNK was observed in 1 M NaOH within a period of 24 hours (about 60%). The recovery of NAB/NAT showed a slight increase at the higher NaOH concentrations. Optimum alkaline extraction conditions were achieved with 0.01 M NaOH. Under these conditions NNK was extracted with the highest efficiency. In some cases, however, a reduction in N0 3 -concentration and formation of N0 2 -were observed under these conditions; this was prevented by adding an antibacterial agent (sodium ethylmercurythiosalicylate). The decomposition of nitrate was obviously due to bacterial activity. The extraction time influenced the amount of TSNA and nitrate extracted from the tobacco. Results from extraction experiments using different time periods are presented in Table 2 . The highest extraction efficiency was achieved after 24 hours. The aqueo"Qs extraction of TSNA, nitrate and nitrite from tobacco leaves and processed tobacco over a period of 24 hours with a 0.01 M NaOH solution and the addition of an antibacterial agent gave reliable and reproducible results.
Artifact Formation of TSNA
Tobacco and tobacco products contain considerable amounts of precursor amines. The nitrosating agent, nitrite, can either be formed in tobacco leaves during curing (5) or by bacterial activity in aqueous solutions. Therefore it was necessary to investigate the efficiency of various nitrosation-preventive measures. For this purpose an aqueous alkaline extract of minced fresh Table3.
Effect of various nltroaatlon·preventlva measures on the artl· fact formation of TSNA In . the courea of analysis (10 ml allquots of tobacco leaf extracts (4 g tobaccol100 ml) containing neither TSNA nor NO£ were spiked with 10 mg N0 2 • and 1 f. green tobacco leaves (4 g tobacco I lOO ml) was prepared. Aliquots (10 ml) of this test extract containing neither TSNA nor nitrite, were spiked with 10 mg N0 2 -and 1 JLg NDBenzA as internal. standard. The following nitrosation-inhibiting procedures were tested: alkaline extraction procedure on Extrelut I ascorbic acid columns,· and an acidic extraction procedure with three different nitrosation inhibitors (sodiuni azide, ascorbic acid and ammonium sulphamate respectively in the presence of citric acid).
No artifact formation was observed using the alkaline extraction method or the acidic extraction method in combination with sodium azide as a nitrosation inhibitor (Table 3) . Ascorbic acid and especially ammonium sulphamate were shown not to inhibit the formation of NNN and NAB/NAT effectively, whereas under the same conditions formation of NNK was not observed. . The alkaline extraction procedure and the acidic extraction procedtire with sodium azide can be used just as successfully for TSNA analysis.
Column Extraction ofTSNA
In nitrosamine analysis columns filled with granular support material were used successfully for the extraction of aqueous samples (16) . The efficiency and practicability of this method seem to be superior to liquidliquid partition extraction. TSNA were extracted using kieselguhr (Extrelut) with high recovery rates. Nicotine interferes with the GC/TEA determination of TSNA (16) . Owing to alkaline extraction, nicotine is present in the aqueous extracts and therefore qas to be removed. This was achieved by two different extraction methods.
Alkaline Extraction Method:
The alkaline extracts were poured directly onto the extraction column and nicotine was removed completely by a 5 g layer of ascorbic acid at the lower part of the extraction column ( Figure 1 ).
Acidic Extraction Method:
As acidic extraction is performed at a pH of about 4.5, nicotine is not eluted with dichloromethane from the extraction column.
Both method~ were compared in a set of different tobacco leaf samples. The results, presented in Table 4 , show good agreement between the two procedures employed in the methodology. The ·alkaline and the acidic extraction method were utilized with high accuracy for TSNA analysis without artifact formation. The acidic extraction method is recommended in cases where nitrite is .present in the tobacco sample. In all other cases the alkaline extraction method is preferred due to its better practicability.
Recovery Studies for TSNA Determination
A basic demand of analytical procedures is that the recovery can be es.timated by using an internal standard whose recovery should preferably be determined by the same detection method. So far, no reported method describes the use of a non-labelled nitrosamine as an internal standard for the analysis of TSNA in tobacco leaves and processed tobacco. NDBenzA and NPePicA were shown to be suitable internal standards for the analysis of TSNA in tobacco smoke {16). Accordingly, their possible use for analyzing TSNA in tobacco leaves and processed tobacco was investigated. The recoveries of both internal standards were determined in comparison to the recovery of each TSNA. Minced fresh green tobacco leaves (3 g) containing no TSNA were spiked in a 3 flg I g tobacco level of each TSNA prior to aqueous extraction (exact amounts are given in Table 5 ). Both internal standards were added to the aliquots of the aqueous extracts. In Table 5 the recovery rates of the internal standards for both extraction procedures are presented. In both cases the recovery rate of NPePicA was significantly higher than that of NDBenzA. The recoveries of the added TSNA were calculated using the amounts determined by internal standardization method for both internal standards in relation to the added TSN A amount. A relative recovery of 100% represents a correct internal standardization. In comparison the results calculated on NPePicA were closer to 100% (2%-5% deviation) than the results calculated on NDBenzA {6%-17% deviation). Consequently, NPePicA is more suitable than NDBenzA for internal standardization in TSNA analysis of tobacco leaves. In another. experiment, both internal standards were added· before aqueous extraction. The recovery for NPePicA was only 85% which resulted in an overestimation of 8% to 12% in the TSNA. The recovery of NDBenzA, when added before aqueous extraction, was only 20% to 23%. The low recovery observed may have been caused by non-specific interaction of NDBenzA with tobacco constituents and, therefore, NDBenzA does not reflect the efficiency of the aqueous extraction procedure. The best results were obtained using NPePicA as internal standard after aqueous extraction. A similar recovery study was performed with cut tobacco. In this case, the preformed TSNA in tobacco were first determined and calculated using both internal standards. The tobacco was spiked with TSNA in a 2.5 flg I g tobacco level and the resulting TSNA concentrations were determined using both internal standards (exact amounts are given in Table 6 ). The recoveries of the added nitrosamines were individually determined for both internal standards and are preTableS. Percentage recovery of the Internal standards NPePJcA and NDBenzA and standardized recovery ratea of TSNA relative to NPePicA and NDBenzA, respectively, detarmlned In fresh tobacco leaves. Before aqueous extraction the following amounts were added:
3010 ng/g tobacco NNN, 3200 ng/g tobacco NNK and 2840 ng/g tobacco NAB/NAT. Addition of internal standards after aqueous extraction: 3200 ng/g tobacco NPePicA and 3330 ng/g tobacco ND8enzA.
Recovery Table6.
Recovery rates of TSNA, NPePicA and NDBenzA for the analysis of cut tobacco (the tobacco was the same as used for the repeatability experiment, for original TSNA content refer to sented in Table 6 . The recovery for alkaline column extraction was higher for both internal standards (NPePicA 93%, NDBenzA 84%) as compared to acidic column extraction (NPePicA 90%, NDBenzA 73%). Using NPePicA for calculation, the TSNA concentrations were underestimated in both extraction methods whereas using NDBenzA for calculation resulted in an overestimation, except for NNK and NAB/NAT, in alkaline column extraction. The recovery rates of the TSN A for both extraction methods were in a similar range for both internal standards. Using NPePicA as the internal standard, the standard deviation. was much lower than that obtained with NDBenzA.
With the above-mentioned limitations both NPePicA and NDBenzA are suitable compounds for internal standardization in the TSNA analysis of tobacco leaves and processed tobacco.
Criteria for Reliability ofTSNA Analysis
Chemiluminescence detection in combination with gas chromatography is highly specific for compounds generating NO upon pyrolysis. In all analyses only peaks associated with nitrosamines were detected. Nicotine interferes with the GC/TEA determination of TSNA (16) and had therefore to be removed to achieve reliable results. For the alkaline column extraction this was achieved with the aid of an ascorbic acid layer in the extraction column. The acidic extraction method required no further removal of nicotine because it does not elute with dichloromethane from the Extrelut column. The minimum detection limit was 15 ng-25 ng I g dry mass for NNN and NAB/NAT and 25 ng-50 ng I g dry mass for NNK with a GC/TEA detection limit of 0.15 ng-0.25 ng I injection. The repeatability of TSNA analysis was determined for cut tobacco and tobacco leaves using both extraction procedures. The TSNA content of tobacco leaves is not evenly distributed. It is therefore very difficult to prepare homogeneous samples for a repeatability study. exclude this influencing factor aliquots of pooled aqueous extracts were also analyzed. Results were calculated using NPePicA and NDBenzA as internal standards and are presented in Table 7 . Cut tobacco was analyzed with very good repeatability. Using NPePicA as an internal standard resulted in better repeatability ( coeff. of var. 2%-6%) than with NDBenzA (coeff. of var.
1.4%-10.4%) whereas the standard deviation for the analysis of individual tobacco leaf samples was generally higher for both internal standard methods. This was obviously due to uneven nitrosamine distribution in the tobacco leaf samples. This conclusion is supported by the low standard deviation obtained from pooled aqueous extracts (see Table 7 (B2)). The concentration of NNK in the tobacco leaf samples was near the lower limit of determination. Therefore the relatively high standard deviation for NNK was not surpnsmg. The good reproducibility of the method in combination with high recovery rates for both internal standards and for TSNA, and the effective inhibition of artifact formation accounts for good reliability and high accuracy in the TSNA analysis of tobacco leaves and processed tobacco.
Criteria for Reliability of Nitrate/Nitrite Analysis
The nitrate and nitrite analysis was performed according to standard analytical procedures. Several parameters influencing the nitrate/nitrite estimation were investigated. 1 . Necessity for an Antibacterial Agent: As described, the sodium hydroxide concentration has to be relatively low for the extraction of TSNA from tobacco leaves and processed tobacco in order to ensure complete extraction of NNK. Under these conditions, however, a microbial reduction of nitrate to nitrite was observed in some cases; this was successfully inhibited by using sodium ethylmercurythiosalicylate as an antibacterial agent.
Table7.
Comparison of the repeatablllty of TSNA analysis In cut tobacco and tobacco leaves using NPePicA and NDBenzA as Internal standards (alkaline versus acidic column extraction; n-4). *For experiment 811ndlvldual samples were prepared by subdividing minced tobacco leaves; for experiment 82 allquots of a pool sample prepared by taking equal parts of the aqueous extracts from experiment 81 were taken for analysis.
Concentration of NaOH during Aqueous Extraction:
The values presented in Table 8 show that nitrate and nitrite in tobacco leaves can be determined over a wide pH range in the presence of an antibacterial agent.
Duration of Aqueous Extraction:
The extraction of nitrate and nitrite from fresh tobacco leaves with 0.01 M NaOH containing an antibacterial agent is riot greatly influenced by time ( Table 9 ). The extraction of nitrate from cigarette tobacco, however, showed an increase with time (Table 2 ).
Repeatability:
The repeatability of the nitrate and nitrite determination was determined with both fresh tobacco leaves and cut tobacco. For tobacco the mean· 142 value of 8 analyses was 37.4 ± 1.18 mg I g tobacco for :nitrate. For tobacco leaves the mean value of 8 analyses was 3.3 ± 0.15 mg I g tobacco for nitrate and 0.08 ± 0.009 mg I g tobacco for nitrite. The investigation of parameters influencing the nitrate/nitrite determination showed that the addition of an antibacterial agent, the use of 0.01 M NaOH, and an extraction time of 24 h resulted in accurate and reproducible results.
CONCLUSIONS
The method described is shown to be suitable for the ·determination of TSNA and of nitrate/nitrite in tobacco leaves and processed tobacco. Aqueous extrac- tion under alkaline conditions in the presence of an antibacterial agent permits the simultaneous extraction of TSNA and nitrate/nitrite. Under these conditions, artifact formation can effectively be inhibited. The further clean-up procedure includes two alternative extraction procedures for TSNA: acidic column extraction, which is preferred when nitrite is present, and alkaline column extraction which is normally preferred due to its better practicability and higher accuracy. With internal standardization either by NPePicA or by NDBenzA it is possible to determine the recovery of the internal standards by the same detection method as used for the TSNA.
